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ABSTRACT
In mangrove rehabilitation, nursery operation was required to enhance survival of seedlings prior to field planting. Healthy
and mature seed and propagules of six mangroves namely Ceriops tagal, Sonneratia alba, Rhizophora apiculata, S. caseolaris,
R. mucronata, and Xylocarpus granatum were planted in paranet shade (0%, 25%, 50%, 75% and 100%) for three months.
The research purpose was to study the impact of paranet shade on the growth, and morphologic characteristic in all six
mangrove seedlings. Results indicated that 50% paranet shade intensity supported C. tagal, R. mucronata, and S. caseolaris
seedlings for the best growth (height and diameter). By contrast, 75% intensity of the shade displayed in the optimal growth,
number of leaves, and the leaves area of R. apiculata seedlings. We determined that the best growth of seedlings of X.
granatum was acquired in the intensity of shade 100%, contrary with S. alba seedling, showing 0% shade intensity as the
best for growth. The tolerance to paranet of mangrove shade plants preceded the sequence of X. granatum (landward species)
> R. apiculata > R. mucronata; C. tagal, and S. caseolaris > S. alba (seaward species). The present works generates useful
information for restoration efforts in North Sumatra and indicates the value for representative mangrove species of intensely
shaded nurseries based on optimum growth and morphological characteristics.
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INTRODUCTION
Mangrove forests consist of a diverse group of
separately resultant lines which are ecologically
characterized because of their position within the
intertidal district of the tropical and subtropical area
(Tomlinson, 1986). The forest of mangroves is
complex ecosystems, their performance influenced
by light, salinity, tidal gradients trigger nutrient
availability gradients, waterlogging, abiotic and
biotic stress and patterns of propagule dispersal
(Tomlinson, 1986; Smith III, 1987; Kathiresan &
Rajendran, 2002). Therefore, mangroves are an ideal
system for studying the mechanism of shade
tolerance that is structured by environmental
gradients (Dangremond et al., 2015).
Indonesia is one of the largest mangrove forests
and consists of a total of 22.6% in the world.
Nevertheless, Indonesia’s mangrove zones declined
from 4.2 million (1980) to only 3.1 million (2011)
(Giri et al., 2011). The forest of mangrove in North
Sumatra have been found on the eastern shore by
Sumatra Island, primarily at the Karang Gading
and Langkat Timur Laut Wildlife Reserve
(KGLTLWR), and occur under rapid threat owing to
anthropogenic activity (Basyuni et al., 2015).
Mangrove conservation attempts involve not only
protecting coastal regions and societies from the
intrusion of seawater and potential sea-level
alterations but also ensuring that resources are
available for future use through adaptation to
evolving settings.
Several studies have proposed that mangrove
plants inhabit the intertidal zone that is shade
tolerance, hence explains lack of understory layer
in mangrove (Smith III, 1987; Kathiresan &
Rajendran, 2002; Krauss & Allen, 2003; Lopez-
Hoffman et al., 2007; Dangremond et al., 2015).
These reports proposed that reactions to
environmental gradients should be established
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proportionately to the survival and growth of
seedlings. Nonetheless, a few studies are available
on mangrove growth seedlings influenced by light
or shade tolerance in Indonesia. Previous studies
mostly have focused on salinity tolerance and
elevation as an effective strategy for restoring
mangrove ecosystems (Basyuni et al., 2014, 2015,
2019; Oh et al., 2017; Matatula et al., 2019). It has
been reported that 50% shade delivered the best
growth on Rhizophora mucronata seedlings
(Ulqodri et al., 2014). This study, therefore, provides
more insight for rehabilitation activities by
examining the impact of the shade of paranet in




The mature and healthy propagules (seeds) of
the mangrove plants, Ceriops tagal C.B. Rob.,
Rhizophora apiculata Blume, R. mucronata Lam.
(Rhizophoraceae), Sonneratia alba J. Sm., S.
caseolaris (L.) Engl., (Sonneratiaceae) and
Xylocarpus granatum Koen. (Meliaceae) were taken
from Sembilan Island, Langkat District, North
Sumatra in Indonesia. The propagules were grown
for three months in bottle pots with sand in 0%,
25%, 50%, 75% and 100% paranet shade with
standard average temperature and sunlight in a
greenhouse.
Mature propagules of C. tagal were selected
being 0.8-1.2 cm in diameter, up to 25 cm or
brownish-green hypocotyls or longer yellow
cotyledon. Typical displays of R. apiculata
propagules ripeness were 20-25 cm (length), 1.3-1.7
cm (diameter), which had green to brown hypocotyls
and red cotyledon. The appropriate indicator of
mature seeds of R. mucronata was light green with
yellow cotyledon and green hypocotyls, 50-70 cm
long and 2.0-2.3 cm diameter. Characteristics of
maturity of S. alba was by fruit size of 40 mm or
more and composed 150-200 seeds in the fruit, while
800-1200 seeds in the fruit characterized S.
caseolaris. The feature of mature fruit of X.
garanatum was characterized by yellowish-brown,
diameter 15-20 cm, and contained 6-16 seeds. Five
to thirteen of each seedling for each treatment were
planted in 3 months. Subsequent to 3 months grown,
six mangrove plants were extracted, cleaned and
the leaves and roots were kept at 4°C until further
investigation.
Growth measurement
Growth of C. tagal, R. mucronata, R. apiculata,
S. caseolaris, S. alba, and X. granatum seedlings
under differing paranet shades were detected by the
growth rate, the diameter and stem height from the
seedlings. Thus, the growth rate, diameters, and stem
heights of 6 mangrove species, including 5-13
seedlings, following three months in cultivation
were growth index.
Morphological characteristics
Morphological characteristics were determined
by a number of leaves, leaves area of R. apiculata
and C. tagal seedlings, and total biomass (dry
weight) of six mangrove seedlings. A number of
leaves, the leaves area, and dry weight were
measured at the end of an experiment. Measurement
of leaves area was done by alphanumerically
scanning for measure of leave’s area to make use of
ImageJ processing software (Rasband, 1997-2008).
The seedlings were detached for the shoot, root, and
leaf contents to weigh prior drying as total biomass.
The dry weights of each plant’s shoots, roots and
leaves were measured respectively, following 48 h
at 75ºC in an oven. Through these dimensions, we
measured the dry weight from 6 mangrove species
in individual seedlings.
Statistical analysis
The data was evaluated using ANOVA (one-
way) variance analysis, followed a Dunnett’s test to
make comparison by treatments (paranet shade) with
control. The significance threshold value was P <
0.05. The statistical analysis was carried out with
the statistical software program SAS ver 9.1.
RESULTS AND DISCUSSION
Impact of paranet shade on seedling growth
Seedlings growth was evaluated with plant
diameter and height, and growth rate for the term.
Parenet shade tolerance differs among mangrove
species. The results showed that the paranet shade,
50% intensity supported the best growth (diameter
and height) for C. tagal, S. caseolaris, and R.
mucronata seedlings (Figure 1A and B). By contrast,
paranet shade of 75% intensity displayed optimal
growth of the leaves area and number of leaves of
R. apiculata seedlings. Whereas, the X. granatum
seedlings showed that 100% intensity of the shade
was the best for growth. But, the result was not the
same for S. alba seedlings, which showed the best
shade intensity was 0% (Figure 1). In case of
diameter of seedlings of R. apiculata, C. tagal, S.
caseolaris, S. alba, and X. granatum, no difference
among the treatments was observed, except in R.
mucronata with significant increase in diameter with
increase in shade of 75% paranet (Figure 1B).
This study supported the previous reports that
the shade-grown seedlings showed better growth
performance than under full sunlight, for example,
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Fig. 1. Impact of paranet shade on plant height (A) and diameter (B) in six mangrove seedlings. Data presented as the means
± SE (n= 6-13). The asterisk shows a statistically significant alteration from 0% at P < 0.05 by Dunnett’s test.
in Bruguiera gymnorrhiza (Peng et al., 2016), B.
sexangula (Krauss & Allen, 2003), R. apiculata
(Kathiresan & Rajendran, 2002), R. mangle
(Farnsworth & Ellison, 1996), R. mucronata
(Ulqodry et al., 2014). By contrast, the mangrove
seedlings displayed reduced development in South
Florida under a closed canopy (Koch, 1997).
Furthermore, even though significant lighting
impacts were traced, there was a difference in the
growth and the intensity of the shade and light that
almost showed a similar pattern in seedlings grown.
Our results also agreed with field conditions
and other fieldwork that mangrove seedlings, which
are under the completely uncovered area, often fail
to expand even though other environmental factors
are favourable (Kathiresan & Rajendran, 2002). The
results of the mangrove seedlings appears to confirm
the environment shade (Lopez-Hoffman et al.,
2007). Few determining factors that are involved for
the differences in the effect of paranet shade are
observed on different species are light demanding
or shade-tolerant species adaptation and the
intertidal zone or mangrove zonation (Osborne &
Smith, 1990; McKee, 1995). These results suggested
that physiological adaptation alone can not explain
the shading tolerance in mangroves frequently
found across the intertidal.
Effect of paranet shade on morphological
characteristics
Figure 2 shows the response of six mangroves
leaves under paranet shade. The number of R.
apiculata leaves increased in the occurrence of
shade at a maximum of 75%. A similar pattern was
shown by C. tagal, R. mucronata, and S. alba, the
number of leaves was significantly increased at 50%
shade, this increase was attenuated when paranet
shade was enhanced (Figure 2A). In contrast to this
observation, 100% paranet shade decreased the
number of leaves significantly in X. granatum, while
no change of leaves number was noted in S.
caseolaris. We observed the effect of light on leaves
area on two mangroves, C. tagal and R. apiculata
(Figure 2B). Different response was noted, parenet
shade significantly increased leaves area in R.
apiculata seedlings; however, paranet shade did not
change the leaves area in C. tagal (Figure 2B).
Variation in growth rate is shown in Figure 3A.
R. mucronata had a high growth rate, followed
by C. tagal, S. alba, R. apiculata, S. caseoalaris,
and X. granatum. Moreover, Figure 3B shows the
effect of the paranet shade in the dry weight of 6
mangrove species. It is noteworthy that no change
of biomass was found in mangrove seedlings, except
in C. tagal under 50% shade (Figure 3B). It has been
reported that Rhizophora species had the highest
growth rate for light tolerance, followed by Ceriops,
Bruguiera, and Avicennia (Smith III, 1987).
Furthermore, intense light can damage the mangrove,
although mangrove forests are dispersed in
subtropical and tropical areas in high light intensity.
In this context, Rhizophora seedlings most easily
develop and germinate under the canopy of shady
bigger trees (Farnsworth & Ellison, 1996; Kathiresan
& Rajendran, 2002; Ulqodry et al., 2014).
Growth reaction within the species was
generally different, suggesting intraspecific
morphological plasticity among the six mangrove
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Fig. 2. Effect of paranet shade on number of leaves (A) in six mangrove species and leaves area (B) in C. tagal and R.
apiculata seedlings. Data presented as the means ± S.E. (n= 6-13). The asterisk displays a statistically significant variance
from 0% at P < 0.05 by Dunnett’s test.
Fig. 3. Impact of paranet shade on growth rate (A) and dry weight (B) in six mangrove seedlings. Data presented as the
means ± S.E. (n= 6-13). The asterisk designates a statistically significant divergence from 0% at P < 0.05 by Dunnett’s test.
species. Mangrove seedlings proportionally
assigned more energy to individual leaves, as
propagating under paranet shade. The mangroves
community frequently showed a diverse pattern of
distribution of species ruled by the complexity of
environmental factors (Koch, 1997; Lopez-Hoffman
et al., 2007). The order of seedling survival under
shade tolerance in this work, therefore, was R.
mucronata, C. tagal, X. granatum, R. apiculata, S.
alba, and S. caseolaris, respectively.
CONCLUSIONS
The disparate growth reaction and morphological
characters among mangrove species proposed the
significant analysis of individual genera or species
to light tolerance mechanism. The tolerance to
the shade of the mangrove species for reflecting
the sequence of X. granatum (landward species) >
R. apiculata > R. mucronata, C. tagal, and S.
caseolaris > S. alba (seaward species). Our study
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confirmed important data to a restoration project in
North Sumatra and demonstrated significance of the
nursery by the shade of intensity following the
optimal growth, and morphology features to typical
mangrove plants.
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